Photosensitized oxidation of tetrabromobisphenol a by humic acid in aqueous solution.
The brominated flame retardant 3,3',5,5'-tetrabromobisphenol A (TBBPA) may accumulate in the environment, including surface waters, and degrade there to potentially toxic products. We have previously shown that singlet oxygen (1O2), produced by irradiation of rose bengal with visible light, oxidizes Triton X-100-solubilized TBBPA to yield the 2,6-dibromo-p-benzosemiquinone anion radical while consuming oxygen (Environ. Sci. Technol.42, 166, 2008). Here, we report that a similar 1O2-induced oxidation can be initiated in aqueous solutions by the irradiation of TBBPA dissolved in a humic acid (HA) solution. HA is a known weak 1O2 photosensitizer and we indeed detected the infrared 1O2 phosphorescence from HA preparations in D2O. When an aqueous preparation of HA was irradiated (lambda > 400 nm) in the presence of TBBPA, oxygen was consumed, and the 2,6-dibromo-p-benzosemiquinone anion radical was generated and detected using electron paramagnetic resonance. Radical formation and oxygen consumption were inhibited by sodium azide, a singlet oxygen quencher. Our results suggest that solar radiation, in the presence of HA, may play an important role in the photodegradation of TBBPA in the aquatic environment.